Abstract: This paper proposes a flexible wearable ultra-wideband antenna suitable for 802.15.3a WPAN applications. The design contains a notch at 5.2GHz for HIPERLAN compatibility. A novel neoprene© substrate is introduced in this paper. Measured results are included for "Antenna on skin" and "Antenna on a hand glove" for return loss and far-field patterns.
Introduction
Ultra-wideband radio (UWB) has been proposed as a technology suitable for wireless body area networks. UWB will offer a high data rate, short range low power channel within a tightly specified range of frequencies. Several interesting designs have been proposed [1, 2] . Antennas with stop bands have also been researched at WLAN 5.2 GHz band [3, 4] . Allied with this has been a growing interest in wearable computer systems and so called "smart clothing" in which computers and radios made of flexible circuits are embedded into garments. For example a wearable Half-Disk UWB antenna made of several flexible conductive materials is introduced in [5] , and another example of a UWB textile antenna designed for body area network is presented in [6] . On-body antennas placed on the skin or more commonly integrated into clothing, and are widely used in many areas. In this paper we do not consider the related area of radio frequency identity tags (RFIDs). For wearable antennas integrated into clothing microstrip antennas have been preferred among the candidates [7, 8] . In such uses microstrip antennas with flexible conductors and substrates are needed and this has led to an increased demand for electrical technical textiles (ETTs). Microstrip antennas [9] have some significant advantages for onbody wearables the three major ones being their ease of construction, their cost effectiveness and an associated metallic groundplane that when used between the body and the radiating element/s can significantly reduce energy absorbed by the body. However, microstrip antennas tend to low bandwidths and may need to be relatively large if they are to be robust against perturbation by the body. Another type of planar antenna is the printed monopole [10] . These can be made with small footprints, have shown wide multi-band performance, and can be made to have limited Omni-directional properties their radiation patterns which is desirable in wearable antennas. Typically for flexible and wearable antennas the substrate materials chosen have been textiles or plastics. Textiles tend to low relative permittivity (<2) and suffer somewhat from trapped air which may have variable electrical characteristics due to water content. Plastics, for example polypropylene, are not well suited to wearing close to the skin and also have relatively low permittivity (<2). Neoprene [11] is a material commonly seen in scuba diving suits but more recently in sporting attire. It is durable, has good thermal properties and is generally consistent in density. It also has a permittivity greater than 4. It is a good choice for wearable antennas. In this paper, we will present a wearable printed monopole antenna which covers the UWB frequency band 3.1GHz-10.6GHz and has a notch at WLAN5GHz band. Results show that different loss properties of the substrate have a very important impact on the resonant performance especially at the notch band. Therefore, a material with low loss and water resistant properties would be very important for wearable UWB antennas with a notch function. Results of return loss and far-field radiation pattern are given here.
Antenna Design
Our novel antenna is W shaped and printed onto Neoprene and fed with a 50ohm microstrip. It is shown in Fig. 1 . The feed is fed against a groundplane but the active elements are not and the antenna therefore can be classed as a type of printed monopole. Impedance matching was achieved by symmetrical cut-offs at the bases of the two outer W legs. For providing impedance matching, the dimension of the two cut off corners is very important. The stop band characteristics are associated with the tuning of the central leg of the antenna. The antenna is built on a 1.5mm thick compressed Neoprene©. The properties of the sample were measured by a split post dielectric resonator and the relative permittivity was found to be 5.2 with 0.03 loss tangent at 1.9GHz. However, since a wide-band dielectric measurement was not available we have assumed an average permittivity of 4.5 over the range of the antenna. Our pre-build simulations were done using the EM simulator Microstripes. 
Results

Simulations
After simulated tuning of a prototype antenna an initial experiment was done to estimate the influence of loss in the dielectric substrate. The results were obtained to help judge the effect of material variability on the Q of our proposed HIPERLAN notch. The conductivity of the substrate was varied and the results of return loss are shown in Fig.2 (a) . The figure shows that the antenna covers the UWB band and a notch can be found at WLAN5GHz band for the low loss antennas. Note that an improved notch function can be achieved by changing the dimensions of the slots. Two are needed to achieve symmetry and they are capacitive in nature. In general for each spot frequency the antenna efficiency falls off as a negative exponential with increasing conductivity. At frequencies around the notch the antenna is generally less efficient, which is shown in Table 1 . Note that Neoprene is not highly specified (usually specified for thermal properties), and for this application and all samples came from the same batch of material.
Measurements
An antenna was made (Fig. 1) , and measurements were done to study perturbation from a human hand. The volunteer was a 30 year old male who weighed 120kg. For return loss the antenna was measured in free space, on the back of the right hand with the groundplane directly in contact with the skin and with the antenna on back of a woollen glove also worn on the right hand. The position of the hand in relation to the body was kept as constant as possible however the room was not screened. Results show that the isolation effect of the glove is useful. When directly mounted on the back of the hand, this antenna has reduced performance including the absence of the frequency cut off. To measure the radiation patterns in an anechoic chamber, a 1.4kg leg joint from an animal was used to simulate the effects of a human hand. For the on skin measurement the antenna was place directly onto the flesh. For the on-glove measure a 2.5mm layer was inserted between the antenna's ground plane and the flesh. Although monopole antennas show relatively omni-directional radiation patterns in free space, the main lobe of this antenna was seen to be away from the flesh. The results at 3GHz and 6GHz are shown in Fig.3 .
Conclusions
A new wearable UWB antenna with a notch function at WLAN5GHz has been introduced. Simulations show that low loss non-conductive substrates maintain the antenna characteristics to allow a frequency notch. Measurements on-body show a general lowering in frequency on the resonances for the antenna when compared with free space versions. Neoprene is a good choice for wearable antennas and is particularly suitable for sporting activates and some specialist environments. The glove plays a very important role, reducing the coupling between the antenna and the hand and this concludes to having a layer of dielectric beneath the groundplane of on-body antennas. Our future work will include a better characterisation of the properties of Neoprene© and the incorporation of a larger phantom for human body perturbation.
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